Not only does this method offer greater specificity than the chemical method, but there also are several advantages over the previously described enzymic methods: (a) readings are in the visible region of the spectrum, (b) sensitivity is higher, (c) the standard curve is linear to 2210 tmolJL (250 mg/L), and Cd) the method is more convenient.
is generally accepted as a reliable index to the glomerular ifitration rate. Since its introduction to clinical use by Folin (1), the Jaff#{233} reaction has been used widely to evaluate creatinine in serum and urine. This reaction, however, is overly nonspecific, being affected by several metabolites and drugs (2) . Efforts made to improve it (3) have not been altogether successful.
Neither a modification involving pretreatment of the sample with fuller's earth (4) nor other methods based on different principles such as liquid chromatography (5) appear promising in routine application. Introduction of enzymic methods (6, 7) has improved the specificity of the creatinine assay, overcoming the interference problem, but these methods are insufficiently sensitive in the normal range of values, because they require ultraviolet monitoring of NADH consumption. The present commercial availability of sarcosine oxidase (8) prompted us to combine its use with that of creatinine amidohydrolase and creatine ansidinohydrolase, plus a sensitive chromogen system, to permit colorimetry of creatinine in serum and urine. We have successfully tested the same chromogen in uric acid and triglyceride assays (9,10). Not only does this method offer greater specificity than the chemical method, but there also are several advantages over the previously described enzymic methods: (a) readings are in the visible region of the spectrum, (b) sensitivity is higher, (c) the standard curve is linear to 2210 tmolJL (250 mg/L), and Cd) the method is more convenient.
Materials and Methods

Apparatus.
We used a Model 554 double-beamspectropho- 
Comparison methods.
For the fuller's earthlJaff#{233} method, we prepared reagents according to Haeckel (4) . For the enzymic method, we prepared reagents according to Wahlefeld (6). Samples with creatinine exceeding 707 molJL were diluted with physiological saline so they would fall within the linear range of this method. Urine samples were diluted 50-fold with distilled water.
Results
Thereaction product absorbs maximally at 510 nm, so we used this wavelength routinely.
We monitored the rate of color development at 20#{176}C, both for the blank and for the test sample, using 10 different serum specimens, with creatine and creatimne concentrations ranging from 15 to 500 tmol/L and from 50 to 2200 pmol/L, respectively; with seven urine specimens containing between 7 and 38 mmol of creatimne per liter; and with the standard.
Color development was complete within 30 mm, both in the blank and in the test sample.
Color stability was tested with five different specimens of pooled human serum (normal and abnormal concentrations of creatinine), with two pools of human urine, and with the standard. We saw no significant changes in absorbance during 30 mm after the recommended incubation interval.
We assessed the linearity and sensitivity of reagent response, using aqueous solutions of creatinine from 0 to 2210 .tmolIL. When net absorbance change was plotted vs creatinine concentration, the response proved linear up to 2210 mol/L, the linear regression equation being y = 0.0012 x + 0.0003 (r = 09999).
We assessed analytical recovery of creatinine added to five different human sera and to pooled urine. For each matrix, recovery was 99.8% in the range 55 to 2210 mol/L for serum and 17 to 106 mmol/L for urine. Table 1 shows the results of within-run precision tests for serum and 20-day between-run precision tests for daily assay of a pooled serum, stored frozen.
We tested our method for false-negative and false-positive results caused by interfering substances. We added possible interferents in various concentrations to serum samples with normal creatinine and creatine content and assayed the samples before and after this addition. The same was done with known amounts of the most commonly used anticoagulants.
The results were evaluated in terms of creatinine recovery vs the sample without added substances. The effect of drugs was explored by assaying portions of pooled sera with and without drugs in 10 replicates; means ± 3 SD were calculated, and values falling outside that Table 2 .
We compared our method with the two others mentioned above in two different series of 100 routine specimens each. We also assayed 60 urine samples by our own and by Wahlefeld's method. Table 3 shows the results elaborated statistically by a linear method (11). The observed blank We had no trouble with other possible interferents, including common drugs at concentrations in excess of therapeutic concentrations in blood, except for levodopa and its metabolite, 3,4-dihydroxyphenylacetate, which gave borderline interference.
In particular, we detected no interference from cephalosporins, in contrast with the important interference seen with the Jaff#{233} reaction (14) .
Clouding during the test was avoided by adding Triton X-100 surfactant.
In conclusion, the new method obviates the poor specificity of the chemical procedure and constitutes a valid assay for creatinine in serum and urine. 
We thank
Discussion
We have exploited the specificity of enzymes acting on creatinine and related products and the reliability of a colorimetric procedure that is suitable for routine use. For optimization of reagent formulation we took into account the reaction pH and the concentrations or activities of all components: optimal conditions were taken to be those affording maximum absorbance within 30 mmn, best color stability, and greatest linearity. With an adequate increase of creatinine amidinohydrolase and sarcosine oxidase activity, reaction equilibrium can be reached in a shorter time. We found 30 nun gave an acceptable compromise between assay time and cost. The problems encountered in developing the procedure involved several aspects: test sensitivity, possible interference from exogenous and endogenous substances, and the choice of enzyme sources that would provide best activity at a sufficiently uniform pH.
The high sensitivity of the chromogen (absorbance of 0.106 A for 88.4 jmol of creatimne per liter) permits the effective assay of normal serum creatimne concentrations with the desired precision (12) at sample/reagent ratios as low as 1:20. At the same time, the method affords good linearity up to 2210 pmol/L, which is far better than the linearity of any other current enzymic method. This is especially valuable in the case of high creatinine concentrations such as are encountered in patients needing dialysis.
Potassium ferrocyanide minimizes interference from bilirubin in the measurement of hydrogen peroxide (9) . Ascorbic acid interference in test systems involving peroxidase (13) is avoided with the stated amount of ascorbate oxidase for concentrations up to 850 p.mol/L in serum and 85 mmoll L in urine.
